Hepatitis C is a common cause of end-stage liver disease, and the main indication for liver transplantation in Latin America. Treatment of hepatitis C infected patients improves important long-term outcomes as mortality. Sustained viral response is reached in near 50% of patients with the previous management based in pegylated interferon and ribavirin. Recently new drugs were available increasing sustained viral response significantly, changing the standard of care to triple therapy. This guidelines provides a framework for practitioner in Latin America, to the management of patients with hepatitis C chronic infection.
INTRODUCTION LABORATORY TESTS AND MONITORING OF PATIENTS WITH CHRONIC HEPATITIS
There are three main scenarios in which laboratory tests for monitoring HCV infection are important for management:
• Pretreatment evaluation. • Monitoring the response to treatment. • Follow-up of noncandidates for treatment.
PRETREATMENT INTERLEUKIN 28B (IL28B GENOTYPE) TESTING
IL28B (interleukin-28B) genotype testing was used originally as a major predictor of the response to PR therapy. However, it remains a useful tool in the therapy decision-making process in the era of direct-acting antiviral (DAA) agents. Beyond the initial use of IL28B genotype testing, it important to bear in mind that the IL28B CC genotype is more than twice as frequent in patients who clear HCV infection spontaneously compared with those who progress to chronic liver disease. The IL28B genotype provides information helpful for deciding whether to use a DAAfree regimen or to shorten therapy. The predictive value of IL28B genotype testing for a sustained virological response (SVR) is superior to that of the pretreatment HCV RNA load, fibrosis stage, age, and sex, and is higher in patients infectled by the HCV genotype 1 (GT1) virus than in those infected by the GT2 or 3 virus. 2, 3 IL28B genotype testing has limited value for patients needing treatment because of advanced fibrosis or for those identified for treatment; for patients with mild disease for whom therapy could eventually be deferred, the finding of a CC genotype might help in deciding whether to initiate short-duration (i.e., 24-week) treatment. 4 Beyond the original concept that IL28B genotype is associated with IFN responsiveness, recent data show that IL28B genotype may also predict the outcome in HCV GT1-infected patients treated with IFN-free regimens. 5
• Recommendation: IL28B genotype testing should be considered whenever the physician or patient needs additional information for predicting more accurately the probability of achieving an SVR and for deciding on the most suitable therapy duration (Class 2a, Level B). Conditions for which there is evidence and/or general agreement that a given diagnostic evaluation procedure or treatment is beneficial, useful, and effective.
Class 2
Conditions for which there is conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of a diagnostic evaluation, procedure, or treatment.
Class 2a
Weight of evidence/opinion is in favor of usefulness/efficacy.
Class 2b
Usefulness/efficacy is less well established by evidence/opinion.
Class 3
Conditions for which there is evidence and/or general agreement that a diagnostic evaluation, procedure, or treatment is not useful/effective and in some cases may be harmful.
• Level of evidence Level A Data derived from multiple randomized clinical trials or meta-analyses. Level B Data derived from a single randomized trial or nonrandomized studies. Level C Only consensus opinion of experts, case studies, or standard of care.
• Weeks 8 and 24. Information for the suitability of response-guided therapy (RGT) according to an early and slow or delayed response. • Weeks 12 and 24. Information about the lack of treatment efficacy (i.e., futility) as a basis for stopping rules 10 (Table 2) .
Clinical impact of monitoring HCV viral kinetics during treatment with TVR:
• Weeks 4 and 8. Information about RGT applicability according to the early and slow or delayed response (only for treatment-naïve patients and relapsers). • Weeks 4 and 12. Information for stopping rules if HCV RNA levels are ≥ 1,000 IU/mL. • Weeks 12 and 24. Information for stopping therapy with PR when HCV RNA is detected 11 ( Table 2) .
FOLLOW-UP OF PATIENTS NOT ELIGIBLE FOR TREATMENT
Monitoring of noncandidate patients for therapy should assess mainly liver disease progression. Decreased platelet count, increased ratio of aspartate aminotransferase to alanine aminotransferase (AST/ ALT ratio), and prolonged prothrombin time are the earliest indicators of progressive liver fibrosis and portal hypertension. The frequency of the biochemical monitoring tests will depend on the patient's age, stage of liver disease, and comorbid conditions. 12 Emphasis should be placed on the careful selection and monitoring of patients. This requires professional expertise, and structured and multidisciplinary support for the proper management of adverse events (AEs). One of the most important objectives of HCV monitoring during treatment is to avoid exposing patients to AEs and variants that are resistant to the new DAAs that will be marketed in the future.
PRETREATMENT HCV VIRAL LOAD
A low HCV viral load (< 800,000 IU/L) is associated with a higher PR treatment response. A low HCV viral load linked to a rapid virological response (RVR) is associated with a higher SVR using a PR DAA-free regimen. In these patients, therapy may also be shortened to 6 months. HCV viral load should always be tested when evaluating a patient for antiviral treatment. 6 There is no current agreement on the most discriminatory HCV RNA level, which ranges from 400,000 to 800,000 IU/mL (5.6-5.9 log 10 IU/mL).
MONITORING THE RESPONSE TO THERAPY
Results of HCV viral kinetics should be considered when deciding on the duration of antiviral treatment. In the PI era, physicians should identify both the liver disease stage (especially to detect cirrhosis) and whether pertinent information about the previous treatment response is available in treatment-experienced patients, who should be classified as relapsers, partial responders, or null responders. Patients initiating PR require measurement of the HCV RNA viral load at baseline, at weeks 4, 12, and 24 of treatment, at the end of treatment, and 24 weeks after the end of therapy. 7 In all phase III studies of BOC and TVR, HCV RNA quantification was performed using the COBAS HCV RNA 2.0 TaqMan test. This technique has lower limits of HCV RNA detection and quantification of 25 IU/mL and 9.3 IU/mL, respectively. 8, 9 When monitoring therapy, the viral load results must be available on time to avoid incorrect decisions about treatment duration.
Clinical impact of monitoring HCV viral kinetics during treatment with BOC:
s6 LIVER FIBROSIS BIOMARKERS IN PATIENTS WITH HCV INFECTION
The prognosis and management of patients with chronic HCV infection depend on the amount and progression of the liver fibrosis and the risk of cirrhosis. Over the past decade, the role of the liver biopsy for staging of fibrosis has been challenged by the development of noninvasive methodologies. 13 Liver biopsy is an imperfect gold standard; hence, in patients with HCV and in other patients, optional noninvasive methods have been explored for detecting and grading liver fibrosis. Liver biopsy analysis has several limitations; it is an invasive procedure that is prone to sampling errors and to intra-and interobserver variation. 14 Severe complications such as hemoperitoneum, biliary peritonitis, and pneumothorax are rare and have been reported in 0.3-0.5% of cases. Death is exceedingly rare but has been reported occasionally in patients with advanced liver disease, a hemorrhagic tumor, or major comorbidities. A liver biopsy should be performed only after carefully balancing the risks of the procedure with the potential benefits in terms of patient management. 15 
NONINVASIVE METHODS
Currently available noninvasive tests rely on two different but complementary approaches: a biological approach based on serum biomarkers of fibrosis and a physical approach based on the measurement of liver stiffness by shock waves, ultrasound, or magnetic resonance elastography (Table 3) . When using both approaches, it is important that the time between noninvasive tests is as short as possible because the results of liver function tests or other biological markers can change.
Key factors required for acceptance of a liver biomarker in clinical practice:
• Accuracy. • Reproducibility. • Liver specificity. • Ability to predict stability, progression, and regression. • Correlation with meaningful endpoints. • Patient acceptability. • Clinical and research use. • Affordability.
Considering the wide availability of noninvasive methods in Latin America, there is no specific recommendation for one method, and the clinician should consider those that are available and affordable in the specific setting. At present, the liver biopsy plays an important role in Latin America.
SERUM BIOMARKERS
Many serum biomarkers have been evaluated for their ability to identify liver fibrosis. Direct markers that reflect the deposition or removal of extracellular • HALT-C model = -3.66 -0.00995 x platelet count (10 3 /mL) + 0.008 x serum x TIMP-1 + 1.42 x log(hyaluronate).
Measurement of liver stiffness:
• Transient elastography, FibroScan: results 2.5-75 kPa.
• Acoustic radiation force impulse imaging, ACUSON 2000 Virtual Touch Tissue Quantification: results 0.5-4.4 m/s. • Magnetic resonance elastography: results 0.5-10 kPa. matrix in the liver include serum levels of hyaluronate, laminin, YKL-40, procollagen III, N-peptide, type IV collagen, collagenases, metalloproteinases, and tissue inhibitory metalloproteinase 1. Indirect markers include factors that can be measured in routine blood tests such as the prothrombin index, platelet count, and AST/ ALT ratio. 16 The practical advantages of analyzing serum biomarkers to measure fibrosis include their high applicability and interlaboratory reproducibility, their potential widespread availability and in some cases, the low cost of the aspartate to platelet ratio index (APRI). The disadvantages of these serum markers are their lack of specificity as indicators of liver fibrosis, inability to discriminate between intermediate stages of fibrosis, delay in the generation of results, high cost, and limited availability (proprietary restrictions) and use in some conditions (e.g., hemolysis, Gilbert syndrome, inflammation). 17 Based on the results of a large-scale, multicenter study (n = 1,013) by Sebastiani, et al. in 2012, the sequential algorithm for fibrosis evaluation biopsy and the Fibropaca algorithm are attractive methods for large-scale screening of liver fibrosis in HCV patients in clinical practice. These algorithms may be particularly useful for screening HCV-infected individuals for whom an immediate approach involving a liver biopsy is problematic or questionable, such as elderly HCV carriers. 18 In 2012, Castera, et al. reviewed the diagnostic performance 
METHODS TO MEASURE LIVER STIFFNESS
Liver fibrosis can be staged using one-dimensional transient elastography (TE), which measures the velocity of a low-frequency (50 Hz) elastic shear wave propagated through the liver. The velocity is directly related to tissue stiffness; i.e., the stiffer the tissue, the faster the shear wave propagates. The results are expressed in kPa and range from 2.5 to 75 kPa; a normal value is around 5 kPa. 19 Several other liver elasticity-based imaging techniques are being developed, including two-dimensional acoustic radiation force impulse imaging, which involves mechanical excitation of tissue using shortduration (262 µs) acoustic pulses that propagate shear waves and generate localized, µ-scale displacements in tissue. The shear wave velocity (expressed in m/s) is measured in a smaller region that can be chosen by the operator. Three-dimensional magnetic resonance elastography uses a modified phase-contrast method to image the propagation characteristics of the shear wave in the liver. 20 Elasticity is quantified by magnetic resonance elastography and is expressed in kPa using a formula that determinates the shear modulus, which is equivalent to one-third of the Young's modulus used with TE. 21 The advantages and disadvantages of methods for measuring liver stiffness are listed in table 4. 17
USE OF SERUM BIOMARKERS PLUS LIVER STIFFNESS
To increase the diagnostic accuracy of these tests, the sequential combination of biomarkers or the concomitant use of TE and biomarkers has been proposed. The combination of these strategies may be effective for the diagnosis of significant fibrosis and may lead to a reduction in the use of liver biopsy in > 70% of cases compared with 50% when using biomarkers (APRI, FibroTest) sequentially. Another advantage of combining two unrelated methods instead of two biomarkers is that TE provides a more direct measurement of liver structure than do biomarkers and that there is no relationship between TE and biomarkers. 15 Numerous biomarkers have been proposed for use in HCV infection; the APRI and FibroTest are the methods used most widely in conjunction with TE that have been validated. The FIBROSTIC study, the largest study to date comparing TE with several patented and unpatented biomarkers and using liver biopsy as a reference, showed the equivalence of TE and serum biomarkers for the diagnosis of significant fibrosis. 22 By contrast, for the diagnosis of cirrhosis, TE appears to be the most accurate method compared with currently available biomarkers and routine blood tests, and it obviates the need for liver biopsy in around 90% of cases. As a result, the combination of both methods does not seem to increase the diagnostic accuracy. 15 Several studies on the diagnostic performance of these biomarkers have compared the different methods. Table 5 shows the main articles published in recent years.
• Recommendations: The use of noninvasive markers of HCV is recommended because they are more useful for identifying low or advanced levels of fibrosis (Class 1, Level B) .
There is no specific recommendation for one method over others. Noninvasive markers of fibrosis should be selected for use according to their quality, availability, and affordability in each specific setting (Class 2b, Level C).
TREATMENT OF CHRONIC HCV GT1 IN TREATMENT-NAÏVE PATIENTS
Over the past decade, the standard of care for patients with chronic hepatitis C has comprised therapies to stimulate the immune system and to interfere nonspecifically with viral replication. The regimens used include PR given for 48 weeks to patients with HCV GT1 or for 24 weeks in those with HCV GT2 or 3. With this regimen, the SVR is 40-50% for patients with HCV GT1 and 72-84% for those with HCV GT2 or 3. [8] [9] [10] [11] A persistent SVR after long-term clearance of HCV is associated with a significant improvement in morbidity, mortality, and quality of life. 39 Recently, better understanding of HCV infection, the viral life cycle, and the structure of HCV proteins and the development of a subgenomic replicon system have facilitated the development of DAAs. These new agents may substantially increase SVR rates and reduce the duration of therapy, which would greatly advance HCV therapy. 40, 41 It is important to mention that the clinical outcomes in patients with HCV infection are determined (among other factors) by the liver fibrosis s t a g e . L i v e r f i b r o s i s i s a s l o w c h r o n i c c o n t i nuum, for this reason there is no urgent indication to treat the HCV. Physicians should discuss with their patients the actual therapeutic options and highlight the differences between the clear indications and relative indications for treatment, as well as the risks of treatment, particularly in patients with advanced liver disease or when the treatment uses newly approved drugs, or drugs under clinical trials.
PIs
The NS3/4A serine protease of HCV plays a critical role in the HCV life cycle by cleaving most of the nonstructural proteins from the polypeptide formed during translation of the viral mRNA, and it is required for RNA replication and virion assembly. Given its essential role in the process of HCV replication, NS3/4A provides an ideal target for antiviral therapy. 41 Two orally bioavailable inhibitors of the NS3/4A serine protease, BOC and TVR, have demonstrated potent inhibition of HCV GT1 replication and have substantially improved SVR rates in treatment-naïve and treatment-experienced patients. The combined use of PR plus BOC or TVR is clearly more effective than PR therapy but is more expensive and carries risks of severe AEs and drug resistance. [41] [42] [43] The goal of HCV treatment is to achieve an SVR to prevent long-term complications and death. [44] [45] [46] [47] An SVR is associated with improved quality of life as measured with standard instruments such as the Short-Form-36 Health Survey. At the public health level, HCV eradication reduces transmission risk.
In patients without advanced fibrosis before treatment, an SVR represents a cure. For those with cirrhosis, an SVR is a virological cure that is associated clearly with improved outcomes, although liver cancer may still develop. [44] [45] [46] [47] Chronic hepatitis C patients infected with HCV GT1 are considered difficult to treat and are therefore the primary focus for the development of DAAs.
BOC
In registration trials, the combined use of BOC with PR significantly improved SVR rates in HCV GT1 treatment-naïve patients, relapsers, and partial responders. Based on these results, BOC has been approved to treat these groups as well as nonresponder patients. All phase III trials with BOC were designed with a lead-in period with dual therapy with PR before the administration of BOC, based on results obtained in phase II studies. The rationale for this strategy is based on the fact that both PR reach steady-state concentrations by week 4, and therefore, using this approach, the PI is added when high drug levels have been reached and the immune system has been stimulated. This strategy serves to lower HCV RNA levels before exposure to the PI, thereby reducing the risk of viral breakthrough or resistance to BOC.
The phase III SPRINT-2 trial, which included 1,097 patients, was designed to evaluate the impact of triple therapy with PR plus BOC in two cohorts of patients: 940 Caucasian and 159 black HCV GT1 treatment-naïve patients. 8 Most of the patients were infected with HCV GT1a, with nearly 75% of blacks infected with this subtype. Most patients had a high HCV RNA level (> 400,000 IU/mL) and 7-11% had METAVIR F3 or F4 disease. All patients received a 4-week lead-in phase with PR and weight-based RBV (Ribavirin). After 4 weeks, patients were randomized to one of three treatment groups. Patients assigned to group 1 (control group) received PR for 44 weeks after the lead-in period, beginning at week 5. Patients assigned to group 2 (RGT group) received PR, and BOC for a total of 24 weeks after the lead-in period. If HCV RNA levels were undetectable (< 10-15 IU/mL) from week 8 through week 24, therapy was considered complete and all treatment was stopped at week 28. If HCV RNA levels were detectable at any visit from week 8 up to but not including week 24 (slow virological response), PR (and placebo) was continued through week 48. Patients assigned to group 3 (fixed-duration therapy) received PR and BOC for a total of 44 weeks after the lead-in dualtreatment period. The BOC dose was 800 mg, given by mouth three times per day with food; PR was administered subcutaneously at a dose of 1.5 µg/kg body weight once weekly; and weight-based oral RBV was administered at a total dose of 600-1,400 mg/day in divided doses, in the morning and evening. All patients were followed through week 72. In all three groups, the study treatment was discontinued for all patients with a detectable HCV RNA level at week 24, according to a standard stopping rule.
SVR rates were significantly higher in the BOC groups (Caucasian and black patients): 63% in the fixed-duration therapy group, 66% in the RGT group, and 38% in the control group. The SVR rates s12 in Caucasians were 68% in the fixed-duration group, 67% in the RGT group, and 40% in the control group. The SVR rates were lower in black patients: 53% in the fixed-duration group, 42% in the RGT group, and 23% in the control group. Fifty-four percent of Caucasian patients who received BOC experienced an RVR, with HCV RNA undetectable at week 8. This interval was selected because of the 4-week lead-in period. By contrast, only 20% of black recipients of BOC experienced an RVR. BOC-treated patients who achieved an RVR had a high probability of achieving an SVR; the SVR rates were 89-91% for non-black patients and 78-82% for black patients. The SVR rates were lower in slow responders (HCV RNA detectable at week 8 but undetectable at week 24) than in those with an RVR. The SVR rates also appeared to be slightly better in the BOC fixed-duration group than in the BOC RGT group: 43 vs. 37%, respectively, for nonblack patients and 32 vs. 28%, respectively, for black patients. The lower response rate found for slow responders prompted the FDA (food drug administration)-approved label to include extending BOC therapy to week 36 and then continuing with PR in this group. Patients with F3 or F4 stage fibrosis had higher SVR rates if they received the fixed 48-week course of BOC with PR compared with the RGT group: 52 vs. 41%, respectively. 48 This trial showed that the SVR rates were higher for all BOC-containing regimens across all the pretreatment variables that had been identified in previous studies to influence the response to dual therapy, including high pretreatment HCV viral load level, advanced fibrosis, and race. The rates of SVR in the BOC groups, for both Caucasian and black patients, were similar between the RGT and fixed-duration groups and were significantly higher when RGT was compared with dual PR treatment.
TVR
In the registration trials, combined treatment using TVR with PR significantly improved the SVR rates in HCV GT1 treatment-naïve patients, relapsers, partial responders, and nonresponders. Based on these results, TVR has been approved to treat these patients.
Two phase III trials (ADVANCE and ILLUMINA-TE) were designed to evaluate the impact of triple therapy with PR plus TVR in treatment-naïve patients with HCV GT1. 49, 50 The ADVANCE trial, which included 1,088 patients, was a randomized study designed to evaluate safety and efficacy, and two other aspects. The first was to explore whether 8 weeks rather than 12 weeks of TVR could reduce AEs, specifically rash, by preserving the virological response. The second was to investigate the SVR in those patients with an RVR when treatment was stopped at 24 weeks. Patients were assigned to one of three groups:
• TVR plus PR for 8 weeks followed by PR for 24 or 48 weeks (group T8PR). • TVR plus PR for 12 weeks followed by PR for 24 or 48 weeks (group T12PR). • PR for a total duration of 48 weeks (group PR).
The TVR dose was 750 mg, given by mouth three times per day with food (a meal containing 20 g of fat); PR was given at a dose of 180 µg, injected subcutaneously once weekly; and RBV was given at a dose of 1,000 mg per day for patients weighing < 75 kg or 1,200 mg per day for patients weighing ≥ 75 kg. In contrast to the BOC regimens, all three drugs were started on day 1 of therapy. 49 Patients who achieved an extended RVR (eRVR) (undetectable HCV RNA at both weeks 4 and 12) stopped treatment at 24 weeks. Those patients who failed to attain an eRVR were treated for 48 weeks.
The SVR rates were 75% for the T12PR group, 69% for the T8PR group, and 44% for the PR group. An RVR was observed in 68% of T12PR patients, 67% of T8PR patients, and 9% of PR patients. An eRVR was achieved in 58%, 57%, and 8% of patients, respectively; both the T12PR and T8PR groups were able to stop therapy at week 24. The SVR rates were higher for patients who achieved an eRVR: 89%, 83%, and 97% in the T12PR, T8PR, and PR groups, respectively. Patients who did not achieve an eRVR had SVR rates of 54%, 50%, and 39% in the T12PR, T8PR, and PR groups, respectively. Similar to the data from the study using BOC, patients with F0-F2 fibrosis had a higher SVR rate than did patients with F3 or F4 fibrosis (78 vs. 62% in the T12PR group). 39 In a retrospective analysis of the ADVANCE trial, a substudy of around 42% of the study population, all of whom were white, showed that the addition of TVR to PR increased SVR rates across all IL28B genotypes. Patients with the IL28B CC genotype achieved higher SVR rates compared with patients with the CT or TT genotype. The SVR rates in patients with the CC genotype were 90% with 12 weeks of TVR-based therapy, 84% with 8 weeks of TVR-based therapy, and 64% with PR alone. Among patients with the CT genotype, the SVR rates were 71%. 51 The ADVANCE study strongly suggested that 24 weeks of total therapy is sufficient in patients with an eRVR, but that in those with a slow virological response or cirrhosis, a total of 48 weeks of therapy is necessary.
The ILLUMINATE study was designed to confirm that shortened treatment duration, based on RGT, was not inferior to fixed-treatment duration for HCV GT1 treatment-naïve patients with chronic hepatitis who achieved an eRVR. Those who achieved an eRVR were randomized at week 20 to receive either 24 or 48 weeks of PR therapy. The SVR rates among patients who achieved an eRVR (65%) were 92% for 24 weeks vs. 88% for 48 weeks of therapy. These findings confirmed the noninferiority of the 24-week RGT therapy. 50 The use of BOC or TVR in association with PR can be considered the new standard of care for HCV GT1-infected patients. In the era of PI therapy, an early response remains a critical determinant of treatment outcome.
The FDA has recently added a boxed warning to the drug label saying that TVR combination treatment should be stopped immediately in patients who develop a rash and systemic symptoms, or a progressive rash, and that these patients should receive treatment. Systemic symptoms associated with these serious skin reactions include fever, nausea, diarrhea, mouth sores or ulcers, facial swelling, red eyes, and liver swelling. 52 • Recommendations:°A
ll patients with chronic HCV infection should be evaluated for HCV antiviral treatment (Class 2, Level B).°A ll treatment-naïve patients with compensated disease because of HCV should be considered for therapy (Class 1, Level A).°T he combination of BOC or TVR with PR (triple therapy) is the new standard of care for HCV GT1-infected patients (Class 1, Level A).°T he protease inhibitors BOC and TVR should not be used without PEG-IFN (pegylated interferon) and a weight-based dose of RBV (Class 1, Level A).°T
he recommended dose of BOC is 800 mg administered with food three times per day (every 7-9 h) together with PEG-IFN and a weight-based dose of RBV, for 24-44 weeks; this should always be preceded by a 4-week lead-in period with PR alone (Class 1, Level A).°P atients without cirrhosis treated with BOC and PR (preceded by 4 weeks of a lead-in period) with undetectable HCV RNA at weeks 8 and 24 may be considered for a shortened duration of treatment of 28 weeks in total (leadin period of 4 weeks with PR, followed by 24 weeks of triple therapy) (Class 2a, Level B) 
TREATMENT OF CHRONIC HEPATITIS C IN PREVIOUS NONRESPONDERS TO PR AND IN RELAPSERS
About half of patients infected chronically with HCV fail to achieve an SVR when treated with PR. 53 This situation is particularly problematic for patients with advanced liver disease because no maintenance therapy has been proven to halt disease progression in patients who do not achieve an SVR. 7 Fortunately, HCV treatment is progressing rapidly, with the first-generation PIs BOC and TVR already available in many parts of the world for use in combination with PR for both treatment-naïve and treatment-experienced patients with HCV GT1. 8, 9, 49, 54 Considering that better regimens will likely be available in the next few years, one of the major challenges in the field at present is how to select which HCV GT1-infected patients whose previous therapy with PR failed should be retreated, and which should wait for second-generation DAAs. It seems that, among many important variables, disease stage and type of treatment failure can be useful when making these decisions. 7, 54 In selected cases, the type of response to a 4-week lead-in therapy of PR could help identify candidates for retreatment. 54, 55 
TYPES OF TREATMENT FAILURE
There are four types of treatment failure: 44
The nomenclature and with failure to achieve an SVR after HCV definitions currently applied for the different types of outcome associated treatment with PR are described in table 6 and figure 1. Table 6 . Types of HCV treatment failure with PEG-IFN and RBV.
Nomenclature Definition
Null responders Patients with a reduction of <2 log 10 in HCV RNA level after 12 weeks of therapy.
Partial responders
Patients with a reduction of ≥2 log 10 but with detectable serum HCV RNA during therapy.
Breakthrough
Patients with a return of HCV RNA during treatment after having a previously undetectable HCV RNA level, usually occurring because of dose reduction or missing periods of PEG-IFN and/or RBV administration related to poor treatment tolerability, not a true lack of interferon sensitivity Relapsers Patients with an undetectable serum HCV RNA level during treatment and at the end of treatment, but with a rebound in HCV RNA level after the end of treatment. 
PREDICTIVE FACTORS FOR AN SVR UPON RETREATMENT OF CHRONIC HCV
Among patients who previously failed to respond to a PR regimen, the probability of achieving an SVR after retreatment with TVR 55 or BOC 7 is usually related to two main variables:
• Type of treatment failure, and • Fibrosis stage.
Interestingly, contrary to what has been shown for treatment-naïve patients, there is no compelling evidence that IL28B polymorphism can effectively predict an SVR among patients who previously failed PR treatment. Although IL28B polymorphism is a good surrogate marker for IFN sensitivity, among patients who have already been exposed to an IFN-based regimen, the type of response is a much better measure of IFN sensitivity than is IL28B genotype testing. 7, 54 For this reason, relapsers are the best candidates for retreatment because 
PROBABILITY OF AN SVR UPON RETREATMENT OF HCV GT1-INFECTED PATIENTS
Retreatment of HCV GT1-infected patients whose previous therapy failed was addressed in two phase III trials, one with TVR (REALIZE study) 54 and the other with BOC (RESPOND-2 study). 9 Patients with breakthrough were excluded from these trials probably because this situation is more often related to drug tolerability issues that lead to irregular dosing. The probability of achieving an SVR in the REALIZE and SPRINT-2 trials was analyzed according to the patients' prior response to treatment ( Figures 2 and 3 , respectively) and disease stage ( Table 7 and Figure 4 , respectively). The SVR rate was usually 5-10% lower in patients infected with HCV GT1a compared with those infected with GT1b for all categories of previous treatment failure, but SVR was more pronounced in those patients who previously had a partial or null response. 7, 54 
PROBABILITY OF AN SVR UPON RETREATMENT OF HCV NON-GT1-INFECTED PATIENTS
Retreatment with PR is the only option for patients infected with HCV GT2 or 3 whose previous therapy failed. Relapsers have a > 50% chance of an SVR when retreated for longer period of time. 56 However, partial or null responders have almost no chance of an SVR and should probably wait for future therapies. In a few selected cases, however, a possible reason for treatment failure could be identified and corrected, increasing the chance for an SVR upon retreatment.
TREATMENT-NAÏVE CIRRHOTIC PATIENTS
The main objectives of treatment in cirrhotic patients are to prevent disease complications, allow regression of fibrosis, and avoid reinfection of the graft in those patients who will receive a liver transplant. 57 When the SVR rate has been evaluated in cirrhotic patients, especially in those with decompensated disease, it has been found to be lower than in patients with chronic hepatitis without cirrhosis. 8, 49, 58 Cirrhotic patients also have a higher probability of experiencing treatment complications. In Child-Pugh A cirrhotic patients, 30-40% will achieve an SVR; and patients who do not will have a higher probability of developing hepatocellular carcinoma (HCC) and a higher mortality rate. [58] [59] The SVR rate is higher (> 50%) in patients with cirrhosis and HCV GT1 treated with either BOC or TVR in combination with PR compared with PR alone. 8, 49 These patients are not candidates for RGT, 8, 49, 50 and it has been suggested that they need to receive therapy for 48 weeks, although this is based on limited data and requires further study. 60, 61 Regarding treatment benefits, an evaluation of studies of patients with cirrhosis showed that SVR rates are lower in patients with cirrhosis than in those without and that treatment success rates are lower for decompensated cirrhotic patients because of the poor response and increased probability of developing complications. 62, 63 There is a paucity of information regarding treatment with DAAs of patients with decompensated cirrhosis. Treatment with triple combination therapy is clearly indicated in patients with compensated cirrhosis and HCV GT1, with the conditions that their starting blood cell count must be sufficient for them to tolerate the decrease in cell count induced by the treatment and that there are no other contraindications. Drug-drug interactions require careful consideration. The therapy may be contraindicated in advanced cirrhotic patients with Child-Pugh B or C classification because of the possibility of decompensation and death. 60 • Recommendations:°P atients with compensated Child-Pugh A cirrhosis must be referred for evaluation and must receive the usual treatment (Class 1,  Level A) . °P atients with compensated Child-Pugh A cirrhosis and HCV GT1 must receive triple combination therapy (Class 1, Level A) , preferably for 48 weeks (Class 2, Level C).°P atients with Child-Pugh B cirrhosis awaiting transplantation could be treated if the virus is GT2; if treated, patients with Child-Pugh B or C liver disease after compensation should be followed carefully in experienced centers (Class 2, Level B) .°P atients with decompensated Child-Pugh B or C liver disease should be referred to a transplantation unit for evaluation (Class 1, Level A) .
TREATMENT OF THE POST TRANSPLANTATION PATIENT WITH HCV
Liver transplantation offers an effective treatment that significantly reduces morbidity and mortality among patients with HCV. However, hepatic graft reinfection is universal in posttransplantation HCV-infected patients because of the advanced liver disease related to HCV. Reinfection is almost inevitable in patients with measurable viral RNA given a liver transplant. The natural history of hepatitis C is more aggressive after liver transplantation than in immune-competent patients, and other adverse risk factors may be present (e.g., metabolic syndrome). 64 Graft cirrhosis has been reported in almost 30% of patients 5 years after liver transplantation, and their survival rate is significantly lower than that of HCV-negative patients. 59, [65] [66] [67] [68] Antiviral therapeutic strategies to achieve an SVR could be given before or after transplantation. The aims of antiviral therapy before transplantation are to achieve an SVR and clearance of viral RNA at the time of transplantation, to prevent recurrence, and to stop disease progression. [69] [70] [71] s18 All patients on the transplant list with Child-Pugh A classification, mainly those with HCC, are recommended to receive antiviral therapy. This treatment is contraindicated in those with Child-Pugh C classification or a score of > 18 in the Model for End-Stage Liver Disease. The success in clearing HCV is about 15-20% in patients infected with HCV GT1 and 20-35% in those with GT2 or 3. 63, [70] [71] [72] The post-transplantation antiviral treatment is used to improve the survival of the patient and the graft when an SVR is achieved. The therapeutic strategies include preventive treatment or treatment when HCV is established. A preventive strategy seems attractive because treatment is commenced while the viral level remains low and before the graft is damaged, and thus higher rates of SVR would be expected in patients treated this way. Nevertheless, in practice, only 40-60% of patients are candidates to receive treatment because these patients receive high-dose immunosuppression with consequent pancytopenia, mild renal dysfunction, and the presence of additional medical conditions during the early posttransplantation phase. 39, 66, 67, [73] [74] [75] The efficacy of treatment for established recurrent HCV depends on the treatment type and duration and the ideal time to start treatment (acute or chronic phase). Prophylactic antiviral therapy has no clear benefits in terms of HCV recurrence and patient or graft survival. In one study, an SVR was achieved in 22.2% of patients given prophylactic antiviral therapy. 76 In daily practice, treatment is generally started in the chronic phase, especially when progression of fibrosis is observed. [77] [78] [79] [80] Monotherapy with IFN or PEG-IFN is not recommended because it is associated with a low SVR rate. The standard therapy, independent of genotype, comprises PR for 48-52 weeks. This provides higher response rates (SVR rates of 20-30% for HCV GT1 and 40-50% for HCV GT2 or 3) but is not well tolerated by patients in the early posttransplantation phases, and the dose needs to be reduced in most patients. The main causes of dose reduction and premature discontinuation of treatment are AEs such as blood disorders, neuropsychiatric disorders, infections, thyroid abnormalities, and poor clinical tolerance. The development of cellular rejection (6%) or chronic rejection (1%) can require discontinuation of treatment. Most patients require erythropoietin, granulocyte colony-stimulating factor, and blood transfusions. [77] [78] [79] [80] The predictive factors for treatment response are infection with HCV non-GT1, low initial viral load, and mild fibrosis. Polymorphisms in the IL28B genotype can affect the SVR. The genetic profiles of both the recipient and the donor play a role. The RVR (at 4 weeks) and eVR (at 12 weeks) are the best SVR predictors. [81] [82] BOC and TVR are both substrates and inhibitors of the hepatic enzyme cytochrome P450 3A4, the enzyme responsible for the metabolism of the calcineurin inhibitors (CNIs) cyclosporin and tacrolimus, and the drug transporter P-glycoprotein. This relationship predisposes these agents to many drug interactions and will place the patient at potential risk for both CNI toxicity (when a PI is given with a CNI) and acute rejection (when a PI is stopped). For transplant recipients, very close monitoring and adjustment of CNI levels is critical during PI-based triple therapy. [83] [84] [85] CNIs are only just beginning to be tested and at present should not be used as regular therapy in liver transplant recipients, with the possible exception of patients participating in a clinical trial. [85] [86] The AEs can be serious and may include increased risk of infection, rejection, dermatological changes, or death. 87 The dose of PR is decreased or stopped early in most post-transplantation patients. Most require erythropoietin, granulocyte colonystimulating factor, and blood transfusion. The drugdrug interactions (cyclosporin A or tacrolimus with BOC or TVR) can be managed by close monitoring. 87 Triple therapy (PEG-INF, RBV, and TVR or BOC) increases the probability of an SVR in about 70% of treatment-naïve persons and relapsers after PEG-INF/RBV and represents an important advance in the treatment of chronic HCV. 84, 87 The prospects for triple therapy seem to be optimistic, with the possibility of increasing the number of viralnegative patients, and knowledge about the medications allows a better understanding of their effects and possible patient adverse reactions.
Multicenter, prospective studies with more patients and longer follow-up are needed to reach firm conclusions before triple therapy can be recommended.
• Recommendations:°T reatment of HCV in patients who receive a liver transplantation is indicated only in patients with adequate supervision of therapy administration and of AEs (Class 1, Level A) . °T he therapeutic regime of choice in patients should be PEG-INF/RBV (Class 1, Level A) . °T he duration of antiviral therapy recommended in post-transplantation patients is 48-52 weeks independently of the HCV genotype (Class 1, Level A) .
ost-transplantation patients should receive erythropoietin and granulocyte growth factors so that the RBV dosage does not need to be reduced (Class 1, Level B) . °A ll patients on the transplant list with Child-Pugh A classification, mainly those with HCC, are recommended to receive antiviral therapy. The treatment is contraindicated in those with Child-Pugh C classification or a Model for End-Stage Liver Disease score > 18 (Class 1, Level B) . °A preventive strategy using antiviral therapy is not recommended (Class 1, Level B) .°P rophylactic antiviral therapy is not recommended (Class 1, Level A) . °T he predictive factors for a treatment response are HCV non-GT1, a low initial viral load, and the presence of mild fibrosis (Class 1, Level A) .°P olymorphisms in the IL28B gene affect the SVR. The genetic profiles of both the recipient and the donor play a role in the antiviral response (Class 1, Level B) . °T he RVR (at 4 weeks) and eVR (at 12 weeks) are the best predictors of an SVR (Class 1,  Level A) . °T riple therapy (PEG-INF/RBV and TVR or BOC) increases the SVR rate. This therapy is beginning to be tested and, at present, should not be used as a regular therapy in liver transplant recipients, with the possible exception of those enrolled in a clinical trial (Class 2a, Level C).
HCV RESISTANCE TO ANTIVIRAL THERAPY AND MONITORING
HCV is a positive-strand RNA virus with a genome of about 10,000 nucleotides. The virus displays significant genetic heterogeneity, with six main genotypes (designated 1-6) and > 50 subtypes (denoted by letters) that differ mainly in their amino acid sequences. 88 
HCV QUASISPECIES AND RESISTANT VARIANTS
HCV has two steps at which mutations can be introduced: during the production of the negativestrand RNA intermediate and during the synthesis of the new positive-strand RNA genome from the negative-strand template. The key protein responsible for viral RNA synthesis is HCV NS5B (the catalytic subunit of the replication complex), which has RNA-/dependent RNA polymerase activity. [89] [90] HCV replicates at a rapid rate: it is estimated to produce and clear about 1012 virion particles per day, with a mean half-life of free virions of 2-3 h. 91 This situation may generate single, double, and possibly triple mutants (i.e., viruses with one, two, or three amino acid substitutions, respectively) every day, which may alter the drug target and decrease the virus's susceptibility to the inhibitory activities of drugs. These drug-resistant variants preexist as minor populations in many treatment-naïve infected patients and are detected rarely by low-sensitivity techniques before therapy because the amino acid substitution(s) also reduce the replicative capacity in the absence of a given antiviral drug (i.e., they have a reduced viral replication fitness). [92] [93] Monotherapy studies with DAAs with a low barrier to resistance (small number of mutations required by a virus to become drug resistant) including NS3/4A protease inhibitors, the non-nucleoside inhibitors of HCV RNA-dependent RNA polymerase, and NS5A inhibitors have shown early virological breakthrough because of the selection and outgrowth of fit, drug-resistant viral populations. 94 This high variability represents a challenge for therapeutic antiviral strategies because the virus may rapidly evade the host immune responses and the effects of antiviral drugs.
ANTIVIRAL TREATMENTS FOR HCV AND VIRAL RESISTANCE
Before the introduction of DAAs, the standard of care for chronic HCV infection was PR. No selection of resistant viral isolates followed by a viral breakthrough has conclusively been demonstrated for these drugs. 95 In view of the lack of effectiveness of the current therapy, many molecules have been tested in the search for new anti-HCV therapies. Several new selective inhibitors of HCV proteins, the DAAs, have been in development, including HCV NS3-4A protease, NS5B polymerase, and NS5A inhibitors. 88, 91, 96 Although these agents have demonstrated potent antiviral effects, monotherapy is complicated by rapid virological breakthrough because of the selection of drug-resistant mu tants. 62, 93, 97 Since 2011, the new standard of care for HCV GT1-infected patients is the triple combination therapy of PR and an HCV NS3/4A PI (BOC or TVR). 7 An important limitation of these DAAs is their low genetic barrier for resistance, resulting in drug-escape mutants during long-term treatment because of their general mechanism of action. 98 s20 A recent analysis of the long-term persistence of resistant mutations within the HCV NS3 protease seen at the end of antiviral treatment in phase Ib studies (monotherapy) has shown that, after a mean follow-up of 4.2 years, 2 of 14 patients treated with TVR and 4 of 14 patients treated with BOC retained variant mutations. 99 Further studies to identify potential persistence of resistant variants using more sensitive techniques, such as ultra-deep sequencing methods, are needed to understand this problem better.
Resistance is determined by several factors, including:
• Drug-selective pressure (potency and concentration at the site of replication). • The genetic barrier to resistance (number of mutations required for complete loss of activity); and • The rate of replication of resistant strains (viral fitness). 100
EVALUATION OF VIRAL RESISTANCE
The detection of viral resistance depends on the sensitivity of the assay. Current methods to characterize viral resistance include genotypic and phenotypic assays. At present, there are no commercial assays to measure resistance that are available for routine clinical practice, but 'home brew' molecular methods have been developed in reference laboratories.
Sensitive methods include ultra-deep sequencing methods, such as pyrosequencing, which can detect minor resistant populations down to < 1%, and the TaqMan® mismatch amplification mutation assay, which is highly reproducible and linear over a wide range of mutant levels (0.01-100%) and can consistently detect variants al the level of 0.1%. 94 However, these tools are costly and time consuming.
Cross-resistance occurs when resistant mutations are selected using more than one drug with a common antiviral binding position. There is no cross-resistance between classes of compounds that target different mechanisms of action. 8 Thus, future drug regimens for treatment of HCV infection are likely to include combinations of multiple classes of inhibitors (e.g., NS3/4A protease, NS5B po lymerase nucleoside, NS5B polymerase nonnucleoside, and NS5A inhibitors) precisely to avoid resistant mutations.
PREEXISTENT VIRAL VARIANTS AND THE CLINICAL IMPACT OF RESISTANCE
The presence of variants resistant to DAA that inhibit NS3/4A (TVR-resistant variants) or NS5A in baseline samples of treatment-naïve patients receiving a TVR-based regimen did not affect the SVR. 101
Antiviral response pattern to DAA therapy and resistance
To minimize the implications of developing resistance, treatment with a DAA should be stopped upon detection of viral breakthrough to prevent the further evolution of resistant variants (a stopping rule).
MONITORING HCV RNA DURING TREATMENT
A sensitive assay with a broad quantification range (e.g., real-time PCR assay) should ideally be used. 102, 103 The lower limit of quantification of an HCV RNA assay is the lowest HCV RNA concentration that is within the linear range of the assay; i.e., the smallest amount of HCV RNA that can be detected and quantified accurately. The lower limit of detection is the lowest actual amount of HCV RNA that can be detected with 95% probability to determine the presence or absence of the virus.
Quantitative assays are required to make treatment decisions. 102, 103 Quantitative HCV RNA assays with a lower limit of quantification near 25 IU/mL and a lower limit of detection of 9.3-15 IU/mL (such as the COBAS TaqMan 2.0) should be used repeatedly when managing patients who receive TVR-or BOC-based triple therapy.
• Recommendations:°G iven that HCV variants resistant to DAAs are likely to preexist in treatment-naïve HCV patients and that their presence is not necessarily associated with treatment failure, there is currently a limited role for the evaluation of these variants before beginning antiviral treatment (Class 3, Level C) . °T reatment-naïve patients with viral populations containing NS3/4A-resistant variants achieve the same SVR rate as do patients with no resistant variants before treatment, in the setting of adequate PEG-IFN responsiveness (Class 1, Level B) .°P atients on PI-based therapy should undergo close monitoring of HCV RNA levels using a very sensitive assay, and the PI should be discontinued immediately if virological breakthrough occurs (> 1 log 10 increase in serum HCV RNA level from the nadir) because the dominant virus at this time is most often resistant to the PI (Class 1, Level A) . °D uring the follow-up after discontinuation of DAAs caused by virological breakthrough, in most cases, there is a reversion to wild-type HCV. In the absence of alternative antiviral treatments, resistance testing is not recommended (Class 3, Level C) .°P atients who fail to have a virological response, experience virological breakthrough, or relapse after treatment with one PI should not be retreated with another licensed PI because of the potential for cross-resistance (Class 2a, Level C).
AEs AND INTERACTIONS AMONG NEW ANTIVIRAL DRUGS TO TREAT HCV INFECTION
Treatment with triple therapy can lead to significant AEs that necessitate dose reduction or discontinuation of treatment. Early recognition and intervention can help clinicians ensure that patients are able to complete therapy where possible and achieve the goal of viral eradication. Although every patient will experience AEs differently, close monitoring through frequent visits and laboratory testing and a systematic approach to the patient's management can be very helpful.
ANEMIA
In clinical trials, a significantly higher proportion of patients developed anemia with PI-containing regimens compared with dual therapy. However, anemia develops more frequently with BOC than with TVR. In the SPRINT-2 trial, a hemoglobin level < 10.0 g/dL was reported in 45 and 41% of patients in the two groups using BOC, whereas it was reported in only 26% in the PR group. 8 However, a hemoglobin level < 8.5 g/dL was observed in 5 and 9% in the two BOC groups vs. 4% in the control group. Erythropoietin-alpha (EPO) was used in 43% of the patients, and 3% of them required a blood transfusion. 8, 9, 54 In the ADVANCE trial, a hemoglobin level < 10 g/dL was observed in 36% of patients in the TVR groups compared with 14% in the PR group. A hemoglobin level < 8.5 g/dL was observed in 9% of the TVR-treated patients compared with 2% in the PR-treated patients. Anemia had led to premature discontinuation in 1-3% of TVR-treated patients. 49 In the REALIZE study, anemia occurred in 30-36% of patients in the TVR-treated groups compared with 15% in the control group. 54 In studies of TVR, anemia was managed only by RBV dose reduction because EPO was not allowed. TVR treatment was discontinued in 2-4% of patients, and the entire treatment had to be stopped in about 1% of patients. 49, 54 Blood transfusion was necessary in 12% of TVR-treated patients and in 5% of patients in the control group. In these phase III studies, the maximum decrease in hemoglobin level occurred at around the second month of treatment. 49, 54 It is important to mention that studies performed in actual patients included a higher proportion of those with cirrhosis or older patients and showed higher rates of anemia, blood transfusion, and EPO use than in patients included in randomized clinical trials. 104
Anemia management
Anemia can be managed with RBV dose reduction as the first action. EPO can be administered and even blood transfusion may be required. Eventually, anemia resolves with discontinuation of the PI. The dose of the PI cannot be reduced under any circumstance because this increases the risk of resistance.
Among BOC-treated patients, SVR rates are identical to those given a reduced RBV dose and those given EPO. 105 RBV dose reduction less frequently requires a second intervention to control anemia. 105 Despite early information about reduced treatment efficacy, 106, 107 with BOC therapy, SVR rates are similar regardless of the timing of the first RBV dose reduction, number of RBV dose reduction steps, and lowest RBV dose received for anemia management. 108 In TVR-treated patients, RBV dose reduction also has no effect on SVR rates. 109 The development of anemia is associated with higher SVR rates in patients treated with PI-based therapy. 110 There are no clear recommendations for EPO use in HCV treatment-induced anemia, and this indication has not been approved in many countries. The French Drug Administration has issued specific guidelines for EPO treatment in HCV treatmentinduced anemia. 111 s22 Collectively, these data suggest that RBV dose reduction is the most appropriate first-line strategy for management of anemia. It may be necessary to maintain the full dose of RBV until HCV RNA becomes undetectable. If anemia occurs when HCV RNA is undetectable, the RBV dose may be reduced by increments of 200 mg daily. EPO can be used when RBV dose reduction is not enough to control decreasing hemoglobin levels. Blood transfusion may be required and can be effective, particularly for patients with cirrhosis. If RBV must be discontinued, the PI must also be discontinued because there is a high risk of the development of drug-resistant variants when a DAA is used with PEG-IFN only. 106, 112 Once BOC or TVR has been stopped, it should not be restarted. BOC and TVR dosing must not be reduced.
• Recommendations:°E
arly and close monitoring of the hemoglobin level is needed, especially during PI treatment and when the hemoglobin level is < 10 g/dL (Class 1, Level C) .°M anagement of anemia may include RBV dose reduction (Class 1, Level A) , EPO use (Class 2a, Level C) , and/or red blood cell transfusion (Class 1, Level C) . The PI dose should never be reduced, and once suspended should never be reinitiated (Class 1, Level A) .
RASH
Dermatological AEs are commonly seen with TVR use. Reported rates for TVR vs. PR were 56 vs. 34%, respectively, for rash and 47 vs. 28%, respectively, for pruritus. 113 In phase III trials, 5-7% of patients discontinued TVR because of rash. 49, 54 The symptoms usually resolve following treatment discontinuation, but it could take weeks for complete resolution. Rash lesions are eczematous squamous eruptions with pruritus. Rash is seen in 50% of patients within the first 4 weeks of therapy; the symptoms are predominantly mild and are generally nonprogressive. 113 However, the possibility of rash extension around the lesions should be checked.
Rash is classified by severity into three grades:
• Grade 1. Or mild and localized, involving < 25% of body surface area. • Grade 2. Or moderate and diffuse, involving up to 50% of body surface area.
• Grade 3. Or severe and generalized, involving either > 50% of the body surface area and accompanied by systemic signs or symptoms or by severe cutaneous adverse reactions.
In these patients, rash episodes were graded 1, 2, and 3 in 37%, 14%, and 5% of patients, respectively. Extension of the skin reaction is unusual; progression to a more severe grade of rash occurred in only in 8% of cases, and severe cutaneous adverse reaction occurred rarely. 42 In BOC-treated patients, the rates of dermatological AEs were similar to those in the control group: 17% in treatment-naïve and 16% in treatment-experienced patients vs. 19% and 6%, respectively, in PEG-IFN-treated controls. 10 However, a recent report from the FDA alerts clinicians to the possibility of serious skin reactions in patients treated with BOC.
Rash management plan
The rate of discontinuation of all study drugs as a result of dermatological AEs was lower in TVR phase III trials than in phase II trials 43 following the incorporation of a rash management plan into the study protocols. 49, 54 Grade 1 or 2 (mild or moderate) rash does not require treatment discontinuation and can be treated primarily using emollients/moisturizers and topical corticosteroids. Topical or systemic antihistaminic drugs (including diphenhydramine, hydroxyzine, levocetirizine, or desloratadine) can be used. Patients should be advised to wear loose-fitting clothes and to limit their exposure to sun and heat. Grade 3 rash requires immediate discontinuation of TVR. The symptomatic treatments noted above may also be used. RBV interruption (with or without PEG-IFN) is required within 7 days of stopping TVR if the grade 3 rash does not improve, or sooner if it worsens. If there is any reasonable suspicion or diagnosis of serious cutaneous reactions, or if a skin rash is considered potentially life-threatening, all treatment must be discontinued immediately and permanently. 113 Pruritus in the absence of rash is also more common with TVR therapy than with PR 49,54 and rarely leads to dose reduction or premature treatment discontinuation. Pruritus can be managed with moisturizing creams, topical cleansing regimens, topical corticosteroids, and/or systemic antihistaminic drugs.
• Recommendations:°C lose and early monitoring of any skin lesion is needed, especially during TVR treatment (Class 1, Level C) .°M anagement of mild to moderate rash may include emollients, moisturizers, topical corticosteroids, and/or topical or systemic antihistaminic drugs (Class 1, Level C) . Management of severe or progressive rash or the presence of a severe cutaneous adverse reaction requires immediate discontinuation of triple therapy, dermatologic consultation, and in some cases emergency hospitalization (Class 1, Level C) .
ANORECTIC SYMPTOMS
In phase II and III trials, endorectal symptoms were seen more frequently in TVR-treated patients than in controls: 26.2 vs. 5.4%, respectively. 49, 54 These symptoms included hemorrhoids, anal pruritus, and anal discomfort or rectal burning. They usually occurred within the first 2 weeks of treatment and were mild to moderate; few symptoms required treatment discontinuation, and all resolved after the com-pletion of TVR dosing. The mechanism responsible for these symptoms is unknown but does not appear to be related to other dermatological events. Treatment should be symptomatic with supportive local therapies such as nonspecific topical treatments with or without a local anesthetic in cases of rectal burning. Topical corticosteroids and any allowed systemic antihistamine drugs may also be used for the treatment of pruritus (Class 2a, Level C) .
DYSGEUSIA
Among treatment-naïve patients treated with BOC in phase II and III trials, 35% had dysgeusia, compared with 16% of those treated with PR. The rates of dysgeusia in the treatment-experienced patients were 44% with BOC vs. 11% with PR. 9,10,49 Dysgeusia is not a major dose-limiting AE. It has been described as a metallic taste in the mouth and seems to occur throughout the entire treatment. This condition adds discomfort and may lead to reduced appetite and significant weight loss. There is no specific treatment, and some experts recommend chewing gum or drinking chocolate milk when taking the medication 114 (Class 2a, Level C) . BOC and TVR are substrates (partly metabolized) and strong inhibitors of CYP3A, so there is a potential for a significant number of drug interactions. BOC and TVR are contraindicated when coadministered with drugs that are potent CYP3A (Cytochrome P450 3A) inducers or that are highly dependent on CYP3A for their clearance. In addition to interactions mediated by CYP3A, TPV and BOC are susceptible to membrane transporter-mediated interactions. Both agents are substrates and inhibitors of P-glycoprotein. 86 Several commonly used medications are contraindicated for use with these combination therapies 10, 113 (Table 8 ).
Other potential interactions can be found using current databases, web pages (http:// www.hep-druginteractions.org/), or applications for smart phones or tablets.
• Recommendations:°C areful analysis of all prescribed and over-thecounter concomitant medications is needed (Class 2a, Level C) .°E very drug used during triple therapy should be monitored (Class 2a, Level C) .
HCV INFECTION IN HEALTH CARE SETTINGS
The US Centers for Disease Control and Prevention (CDC) define exposure as an event that might place the health care worker (HCW) at risk of infection. Examples include percutaneous injury (e.g., needlestick or cut with a sharp object) or contact of a mucous membrane or nonintact skin (e.g., exposed skin that is chapped, abraded or afflicted with dermatitis) with blood, tissue, or other body fluid that is potentially infectious (e.g., semen; vaginal secretions; or cerebrospinal, synovial, pleural, peritoneal, pericardial, and amniotic fluids). The risk of infection from these fluids is unknown. Feces, nasal secretions, saliva, sputum, sweat, tears, urine, and vomit are not considered infectious unless they contain visible blood. 115 The definition does not include the risk of transmission from performing exposureprone procedures, defined as "those where there is a risk that injury to the worker may result in exposure of the patient's open tissues to the blood of the worker." Reitsma, et al. define risk categories and evidence for decision-making in the management of an HCW infected with HCV. 116 
RISK FACTORS FOR INFECTION WITH HCV IN HEALTH CARE SETTINGS
The US Occupational Health and Safety Administration estimates that 5.6 million persons are at risk of occupational exposure to blood-borne pathogens, and the US National Institute for Occupational Health and Safety reports that 600,000 to 800,000 needlestick and other percutaneous injuries occur annually in the USA, 117 leading to around 16,000 new cases of HCV yearly. 118 The risk of infection and the associated odds ratio (OR) are as follows: intravenous drug use, OR 49.6; transfusion of infected blood products, OR 10.9 (especially if it occurred before 1992 or 1987 for coagulation concentrates); more than 20 sexual contacts, OR 4.5; sex with an intravenous drug user, OR 6.3; being in prison for > 3 years, OR 2.9; occupational exposure, OR 2.1; piercings or tattoos, OR 2; intravenous immunoglobulin use, OR 1.6; and vertical transmission from mother to child. 119 The risk of occupational exposure applies especially to health care workers (HCWs), for whom the estimated prevalence of HCV is 0.28-7.9%. 120 The rate of seroconversion after a percutaneous exposure to HCV is 1.8-2.2%; 14, 15 the highest risk is associated with hollow-bore suture needles, catheterization of a patient's artery or vein, deep injury, and viremia detected by PCR. 121, 122 The groups accounting for the higher number of exposure events are nurses (41%), followed by physicians (31%); this difference is partly explained by the greater number of nurses employed in hospitals. 123 
STRATEGIES TO PREVENT TRANSMISSION OF HCV IN HEALTH CARE SETTINGS
Because of the lack of effective preexposure and postexposure prophylaxis regimens, prevention is the cornerstone of preventing HCV infection. The first step is to identify the patients at risk. The CDC recommends screening for people who: are current or former injecting drug users (including those who injected once or a few times many years ago); received clotting factor concentrates produced before 1987; were ever on long-term hemodialysis, with persistently abnormal ALT level; were notified that they received blood from a donor who later tested positive for HCV infection; received a transfusion of blood, blood components, or an organ transplant before July 1992; are HCWs and emergency medical and public safety workers who have experienced needlestick or sharps injury or mucosal exposure to HCV-positive blood; are children born to HCV-positive women; or are adults born in 1945-1965, who should be tested once without prior assessment of HCV risk factors. 124, 125 The latter recommendation has generated a great deal of controversy, especially in developing countries where the data are limited. Nevertheless, studies have shown a five times higher prevalence of HCV infection in this cohort and a slightly higher prevalence in Mexican-Americans. 139 This could justify, at minimum, conducting studies in Latin America to determine the validity of the recommendation in this population.
Key measures for minimizing the risk of infection of HCWs with HCV, the so-called 'standard precautions', include hand hygiene, personal protective equipment (gloves, gown, mask, goggles, and face shield), soiled-patient care equipment, environmental control, good injection practices, respiratory hy-giene/cough etiquette, etc. These measures should be complemented with administrative, financial, and educational programs directed at every level, and engineering controls (e.g., needleless intravenous medication systems, blunted suture needles, leak-proof secondary containers for transporting blood, and impervious needle disposal containers).
There are several guidelines for the management of an HCV-exposure event, but every institution is responsible for its preventive measures. Figure 5 shows a suggested algorithm for the management and classification of an exposure event. General measures include recording: the name and identification of the source; time, date, and nature of exposure (nonintact skin, mucosal, or percutaneous exposure); the type of fluid, body location, and contact time; the infective status of the source (include date of test); and a description of the injury (e.g., depth of wound, solid vs. hollow needle). (Class 1, Level A) . °H CWs should be screened routinely for anti-HCV. HCV RNA-positive HCWs should avoid exposure-prone procedures (weak recommendation, low quality of evidence) (Class 2b, Level C).°M edical personnel should use protective gear during contact with tissues from HCV-exposed patients (Class 1, Level A) .°H ealth care personnel should be educated about protection, good injection techniques, and overall precautions when in contact with a patient's blood (Class 1,  Level A) . °E veryone born in 1945-1965 should be tested once for HCV without prior assessment of HCV risk factors (Class 1, Level, B) .°I n cases of exposure to a patient's blood products, the exposure site must be washed with soap and water, and samples for hepatitis B virus, HCV, and human immunodeficiency virus (HIV) screening should be taken from both the HCW and patient (Class 1, Level A) .
TREATMENT OF HCV IN SPECIAL POPULATIONS HCV infection in pregnant women
Chronic infection with HCV is an epidemiological problem because it is a chronic infection and because of the risk of dissemination to others. 7, 47 The prevalence of HCV infection in pregnant women has not been determined exactly. Given the prevalence of infection among all females, one might expect that the prevalence for pregnant women is similar to that of women of similar age within the population. Specific analysis in high-risk groups, intravenous drug users, and women coinfected with HIV has shown that the incidence of infection can be as high as 51%. 128, 129 The main problem related to HCV infection during pregnancy is mother-to-child transmission, which may occur in 10% of cases. Factors related to such transmission are the mother's viral load and coinfection with HIV, although breastfeeding and mode of delivery have not been demonstrated to be related to this risk. 128, 129 In relation to treatment, RBV is teratogenic and cannot be used at any time during pregnancy. There are no reports on the use of IFN during pregnancy. 128, 129 • Recommendations:°H CV infection must be ruled out in all women who have risk factors for HCV infection. Special effort should be taken to identify pregnant women who are intravenous drug users or infected with HIV (Class 1, Level A) .°T reatment for HCV during pregnancy must be avoided (Class 1, Level A) .
HCV infection in patients with kidney disease and in those with a kidney transplant
Patients with chronic renal failure are at risk of acquiring HCV because of their greater need for interventional treatments (mainly dialysis, invasive procedures, and transfusions). The prevalence of HCV infection in these patients is variable and is around 20% in developed countries and 10-70% in developing countries. 130, 131 Because of the adverse long-term impact of HCV infection after kidney transplantation and the current lack of treatment options for HCV after kidney transplantation, treatment should be considered for patients undergoing dialysis. There is evidence that 50% of hemodialysis patients treated with PEG-IFN monotherapy may obtain an SVR, although the therapy may need to be stopped for as many as 23% of patients. Clearance of RBV is through the kidneys, and its use can be dangerous in inexperienced centers. Treatment of patients undergoing hemodialysis may be feasible in units with great experience by using 200 mg every other day. 132, 133 At present, there is no evidence suggesting that triple therapy should be used in patients with renal failure.
• Recommendations:°P atients on dialysis can be treated safely with PEG-IFN monotherapy (Class 2, Level A) .°C ombination treatment with individualized doses of RBV may be considered in selected patients (Class 2, Level C).°P atients with HCV and end-stage renal disease scheduled for kidney transplantation should undergo antiviral therapy before kidney transplantation (Class 2, Level B) .
HIV-HCV COINFECTION
Progression of liver disease is accelerated in patients with HIV-HCV coinfection, in particular those with a low CD4 (Cluster of differentiation)-positive cell count and impaired immune function, and early antiretroviral therapy should be considered in these patients. If the patient has severe immunodeficiency (CD4-positive cell count < 200 cells/L), active antiretroviral therapy must be used before HCV treatment. 134 During PR treatment, didanosine is contraindicated, and stavudine and zidovudine should be avoided; the role of abacavir is undefined. The severity of liver disease must be assessed before beginning therapy, as for patients without HIV infection. 135, 136 Two phase II trials have demonstrated the usefulness of triple therapy with PIs in patients with HIV-HCV coinfection. One study using BOC and TVR showed significant improvement in the SVR rate. 137 • Recommendations:°I ndications for HCV treatment in HIV-HCV coinfected patients are the same as those in patients with HCV monoinfection (Class 2, Level B) . °T he same PEG-IFN regimen should be used in HIV-HCV coinfected patients, but RBV should always be dosed according to body weight (Class 2, Level B2) .°T riple therapy for HCV in the context of HIV coinfection must be considered in patients with a high risk of progression of liver fibrosis under strict follow-up in centers with experience treating this type of patient (Class 2,  level B) .
Cost-effectiveness of the treatment for HCV GT1 infection
The first analysis of the cost-effectiveness of the PIs in the USA was published recently by Liu, et al. 138 Using a decision-analytic Markov model, they evaluated different therapeutic strategies defined according to the use of IL28B genotyping and the type of therapy: standard treatment (PR); triple therapy (standard therapy + a PI); universal triple therapy without considering IL28B polymorphism; and IL28B polymorphism-guided triple therapy that allocated patients with the favorable genotype (CC) to standard treatment and those with the CT/TT genotype to triple therapy. All patients were classified according to the degree of fibrosis (mild vs. advanced).
The approximate cost of weekly treatment with BOC and TVR was calculated as US$1,100 and $4,100 respectively. Because of differences in the approved therapeutic schemes for both therapies, it was estimated that a short treatment course of a general PI would cost $26,400 (28 weeks of treatment with BOC) and that a long therapy course would cost $35,200 (32 weeks of BOC). In the scenario analyses, the PI cost during the first 12 weeks of treatment increased to $49,200 (12 weeks of TVR cost).
This study found that universal triple therapy in patients with advanced fibrosis (assuming an SVR rate with triple therapy of 51 vs. 32% with the standard treatment) decreased the lifetime risk for decompensated cirrhosis from 23.0 to 16.5%, development of HCC from 13.2 to 9.5%, and need for liver transplantation from 4.6 to 3.3%. In patients with mild fibrosis, triple therapy reduced the lifetime risk of decompensated cirrhosis from 8.4 to 5.1%, HCC from 4.7 to 2.9% (assuming an SVR of 61 vs. 38% with the standard treatment), and liver transplantation from 1.5 to 0.9%. 109 By contrast, use of IL28B genotype-guided therapy decreased this benefit to 83% compared with universal therapy.
The quality-adjusted life expectancy [measured as quality-adjusted life years or QALYs (Quality-adjusted life year)] increased by 0.54 and 0.67 years in those with advance fibrosis by applying IL28B genotype-guided therapy or universal treatment, s28 respectively, compared with standard treatment. By contrast, these results were inferior (increased by 0.27 and 0.33 years, spectively) for patients with mild fibrosis.
If the cost of triple therapy is $1,100 per week, then universal therapy definitively improves the outcomes but also increases the costs. However, in general, the strategy of universal triple treatment provides more benefit per dollar spent compared with the standard therapy in patients with more advanced fibrosis than in patients with less severe fibrosis. The incremental cost-effectiveness ratio is < US$50,000 per QALY for patients with F4 fibrosis compared with > $150,000 per QALY for those without fibrosis (with a willingness-to-pay threshold of US$50,000). This paper concluded that triple therapy is cost effective when the least expensive PI is used in patients with advanced fibrosis, and that the cost-effectiveness ratio is acceptable regardless of whether universal triple treatment or IL28B genotype-guided therapy is used. 123, 124 We note that the results of this model were dependent of the cost of PIs, treatment adherence rates, and fibrosis stage.
Another recently published study explored the cost-effectiveness of triple therapy in Europe. 139 They used a decision-analytic Markov model and included as the base case a hypothetical cohort of HCV GT1-infected Caucasian, 50-year-old men weighing 70 kg on average who were naïve to treatment and had F2 fibrosis (according to the METAVIR score). Five therapeutic strategies were evaluated: BOC RGT, BOC IL28B genotype-guided therapy, BOC RVRguided therapy, TVR RGT, and TVR IL28B genotype-guided therapy. They analyzed the shortterm (SVR) and long-term (20 years of follow-up) scenarios. Applying this specific model, the authors found that using the first-generation PIs with the regimens of BOC RVR-guided therapy and TVR IL28B genotype-guided therapy improved survival (life-years gained) by about 4 years and the quality-adjusted life expectancy by about 7 QALYs, by increasing the SVR rate by about 25% with an acceptable incremental cost-effectiveness ratio per QALY of < 10,000 euros (willingness-to-pay threshold of 25,000 euros per lifeyear gained). 125 In contrast to the US study (109) , which used universal triple therapy, the implementation of dual PI-free treatment in patients with the IL28B CC genotype or in those who achieved an RVR should have avoided the need for PIs in 25-33% of naïve patients, with a consequent reduction in costs and risks and an improvement in benefits. Nevertheless, the real cost of using one of the PIs in the dual treatment in Europe is estimated at ≥ 2,000 euros, similar to the cost of some oncological therapies.
In separate studies, the cost-effectiveness of BOC and TVR has been evaluated in comparison with the standard of care, and these studies have included both treatment-naïve patients and those who experienced previous therapy failure. Unfortunately, these ana-lyses have been published only in abstract form, and the specific details of the models, assumptions, case base, and robustness of the data are lacking.
One should keep in mind that cost-effectiveness analyses should not be used to definitively limit or deny therapy to a specific patient. Each country should structure its own model that includes all the local variables (benefits, costs, economic restrictions, etc.) to evaluate new treatment options and to optimize the resources in our cost-constrained countries. Some limited raw data analysis show differences between countries ( Table 9 ).
• Recommendations:°T riple therapy (PR + PI) is cost effective in the treatment of chronic HCV GT1-infected patients, especially in those with advanced fibrosis (Class 1, Level A) . °E ach Latin American country should design a specific model relevant to its own economic conditions, restrictions, and health care systems (Class 3, Level C).
FOLLOW-UP OF HEPATITIS C RECURRENCE IN PATIENTS AFTER LIVER TRANSPLANTATION
After liver transplantation, reinfection of the graft is almost universal. It is important to monitor the progression of fibrosis, which is best monitored by liver biopsy. The presence of significant fibrosis (≥ F2) at 1 year identifies patients who are at risk of losing the graft because of severe HCV recurrence. Such patients are candidates for antiviral treatment. It has also been demonstrated that the presence of portal hypertension (≥ 6 mmHg for F2) 1 year after transplantation identifies with confidence patients at risk of disease progression, with good correspondence to necroinflammation and fibrosis (kappa ≥ 0.6). 140 Liver biopsy and measurement of the portal pressure gradient are invasive tests, and if they must be performed repeatedly, as in liver transplantation, they are not well tolerated by the patient. For this reason, noninvasive tests have been combined, such as TE (FibroScan®), which is a fast, easy, and well-tolerated method that measures liver rigidity through a wave propagated through the liver parenchyma. Carrión, et al. 141 evaluated prospectively the accuracy of Fi-broScan in a follow-up study of the severity of HCV recurrence in patients after transplantation. They used repeated measurements using TE to evaluate prospectively 132 patients during the first year after transplantation because of HCV. They performed a liver biopsy and measured the portal pressure gradient 1 year after transplantation. They found that TE was useful for identifying patients with significant fibrosis (F2) or portal hypertension ≥ 6 mmHg, with a cutoff point of 8.5 kPa. The progression speed (kPa/month) was significantly greater in fast fibrosers (0.42 kPa/month) than in slow fibrosers (0.05 kPa/month). The progression speed was also significantly greater in fast fibrosers with cholestasis (1.54 kPa/month).
• Recommendations: Despite the utility of TE, liver biopsy is the preferred method to assess fi-brosis after liver transplation in patients with HCV infection (Class 3, Level C) .
There is no specific recommendation regarding the perfect timing to perform liver biopsy in these patients (Class 3, Level C).
FUTURE TRENDS
Recent advances in the understanding of the molecular biology of HCV allow the identification of several targets for antiviral therapy. Some of these drugs have entered phase II and III trials. Preliminary information suggests a very strong antiviral effect with a low incidence of side effects. More time and study results are needed to establish the full implications for clinical practice and the long-term safety of these new drugs. 142, 143 In addition, several Health Technology Assessment (HTA) agencies around the world had evaluated the triple therapy with both PIs. In Latin America, only Brazil's HTA Agency (CONITEC: Comissão Nacional de Incorporação de Tecnologias) had issued recommendation to include both Boce- s30 previr and Telaprevir into the National Health System (SUS: Sistema Único de Saúde). The other body that has issued recommendation to include Boceprevir in the National Formulary is Mexico's HTA Agency (CSG: Consejo de Salubridad General) ( Table 9 ).
CONCLUSION
In relation to the previous guidelines, there has been great progress in the therapy of hepatitis C. 144 Despite the advances on therapy for hepatitis C virus infection, according to the Agency for Health- Figure 6 . Algorithms proposed by UK guidelines for the management of hepatitis C. 145 care Research and Quality, the evidence shows an improvement in the management of patients with genotype 1 hepatitis C virus. This information comes for 6 fair-quality clinical trials. There is also an increase in cost and rate of adverse events, nowadays there is no information to take clinical decision considering cost, specific economical conditions or not well represented populations. The algorithm proposed by UK guidelines seems as an non-evidence based, but pragmatic evidence ( Figure 6 ).
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ABBREVIATIONS
• AEs: adverse events.
• APRI: aspartate to platelet ratio index.
• AST/ALT ratio: aspartate aminotransferase to alanine aminotransferase. 
